SUMMARY A method of performing contrast echocardiography for the assessment of left to right ductal shunting in infants in a neonatal intensive care unit is described. Echo contrast was obtained by countercurrent injection of a small volume of blood through a radial artery canula. The technique was simple and reliable in 32 infants and no serious adverse reactions were observed.
Prolonged patency of the ductus arteriosus is common in preterm infants. The increase in the reported incidence during the past decade is principally related to improved neonatal intensive care and improved survival of small infants. There has been, in addition, a growing awareness of the problem coupled with more reliable methods of diagnosis.
The typical clinical signs, such as a heart murmur, wide pulse pressure, and congestive heart failure, are known to be unreliable for the assessment of patent ductus arteriosus. [1] [2] [3] [4] The indirect methods of assessing a left to right shunt include measurement of the ratio of aortic root diameter to left atrial diameter using M mode echocardiography,5 diastolic pressure analysis,' and Doppler ultrasonic evaluation of brachial artery flow. 7 Although echocardiography and Doppler techniques have proved reliable in detecting even small left to right ductal shunts,2 8 they are not yet widely used. Left to right shunts may also be detected by direct measurement at cardiac catheterisation but this method is hazardous in very small infants and is not commonly used. Shunting through a patent ductus can, in addition, be visualised directly by aortography4 9 or by arterial contrast echocardiography.' 3 The purpose of this report is to describe a simple, safe, and reliable method of performing arterial contrast echocardiography in a neonatal intensive care unit to detect shunting from the aorta to the pulmonary artery. planes were the subcostal long axis section showing the pulmonary artery and descending aorta, and the high left parasternal subclavicular view showing the aortic arch and right pulmonary artery simultaneously. When adequate pictures were thus obtained the blood sample from the radial artery was rapidly reinjected into the canula. This procedure was repeated at least two times in both echo planes. Heart rate was continuously monitored throughout the procedure; systemic blood pressure was measured through the radial artery canula before and after the procedure.
Patients and methods

Indwelling
Results
Satisfactory images were obtained from the subcostal long axis view in all infants (Fig. 1) . The high left parasternal view (Fig. 2) was unsuccessful in four infants with severe pulmonary disease and hyperinflated lungs and in two children with chest drains for left sided pneumothoraces. The appearance of contrast echoes in the aortic arch or the descending aorta after the peripheral arterial injection of blood was used as a marker for the adequacy of the injection. A volume of 0-5 ml/kg body weight was found to be sufficient to give clear contrast in the aorta in all infants, although on some occasions single injections failed to result in aortic contrast.
A left to right shunt through the ductus was diagnosed when echocontrast was observed in the pulmonary artery after the injection of blood into the radial artery canula (positive contrast study). Only a crude assessment could be made of the magnitude of the shunt. If the contrast in the pulmonary artery was less dense than the contrast in the aorta, the shunt was considered to be small. If pulmonary artery contrast seemed to be as dense as or denser than aortic contrast, the shunt was considered large. The absence of a left to right ductal shunt was diagnosed when no echocontrast was observed in the pulmonary artery (negative contrast study).
A left to right ductal shunt was established in 24 of the 32 infants. Eighteen of the 24 infants with a left to right ductal shunt underwent surgical ligation of their ductus. Seventeen of these 18 infants had a large shunt at the echocontrast study. At surgery wide patency was observed in 16 patients and moderate patency in two. One infant with a small left to right ductal shunt and severe pulmonary disease died. At necropsy a narrow patent ductus arteriosus was present.
No left to right ductal shunt was found at the time of the contrast study in 8 infants. One of these infants had a persistent fetal circulation syndrome and a proved right to left ductal shunt. One infant was found to have a narrow patent ductus at cardiac catheterisation 6 months later. The remaining 6 patients did not develop clinical signs of a patent ductus with left to right shunt and were weaned from arterial catheterisation may be hazardous. Our own experience has been equally favourable and we have used countercurrent radiopaque aortography in selected infants and children with complex cardiac defects. Arterial contrast echocardiography has been reported to be a reliable method for assessment of even small left to right ductal shunts in preterm infants.' 2 These authors, however,' 2 have used umbilical artery catheters with their tips positioned proximal to the origin of the ductus.
We developed the countercurrent echo contrast technique because it seemed a simple, safe, and reliable method and because indwelling radial artery canulas are routinely used in our neonatal intensive care unit. We have never encountered serious complication with these canulas"' and agree with others'4 15 in advocating their wider use. Both left and right radial arteries were used for the injection of blood. Injection in the left radial artery resulted in very clear contrast in the distal part of the aortic arch and descending aorta. Injection in the right radial artery, however, gave less bright contrast in the distal part of the aortic arch since part of the contrast entered the brachiocephalic vessels. When a left artery is used a sample smaller than 0-5 ml/kg body weight is probably sufficient.
Countercurrent arterial contrast echocardiography seemed to be a reliable method for the assessment of a left to right ductal shunt. The patency of the ductus was proved in 19 of the 24 infants with positive contrast studies-18 at surgery and one at necropsy. The very high percentage of patients undergoing surgery was due to patient selection. Only infants needing prolonged ventilatory support and monitored with indwelling radial artery canulas were studied.
The 6 infants who were studied again after surgery were all negative, indicating that there were no false positives. A negative contrast study, however, does not exclude a patent ductus. A right to left ductal shunt may be present, as in one of our infants with persistent fetal circulation. Furthermore, a very small left to right shunt may not be detected and we probably missed this in at least one infant. This child had a small patent ductus at cardiac catheterisation performed 6 months later. Variability in the degree of ductal constriction may also be a cause of false negatives.
Major complications of the countercurrent injection were not observed. The transient bradycardia and raised blood pressure did not influence the clinical well being of our patients. To our knowledge this type of adverse reaction to countercurrent injection has not been reported previously and may be related to low birthweight of the infants.
Direct visualisation of the ductus with crosssectional echocardiography has not been successful in small intubated infants in our experience but the technique described by Smallhorn'6 seems very promising. We are convinced, however, that it is the left to right shunt that causes the respiratory problems in preterm infants with patent ductus arteriosus. The direction and magnitude of the shunt are not only determined by the diameter of the ductus but also by the ratio of the pulmonary to systemic vascular resistances, the latter varying considerable in the individual patient. We have showni that countercurrent arterial contrast echocardiography can be very useful in selecting those infants who are likely to benefit from ligation of the ductus. 
